Introduction: Heterogeneity of stroke outcome measures has increased the complexity of there usefulness across institutions. We sought to identify factors that determine post stroke functional outcome and discharge destination following rehabilitation.
Background
Impact of stroke to both personal life and its socioeconomical environment is substantial, and assumes a growing impact globally on media attention, patient and carer knowledge, service development and research 1 . Rapidly growing elderly population has called for robust data collection to meet the demands of economic and health infrastructure globally. Unfortunately even at the end of the 20th century, international community lack consistency and stringency in quantifying health problems 2 leading to gaps in knowledge that effect planning. Data from 1990s showed cerebrovascular disease as a leading cause of death 3 . There has been a steady rise in mortality over the following decade accounting for 12.9 million deaths collectively due to ischemic heart disease and stroke in 2010 world wide i.e. 1 in 4 in comparison to 1 in 5 in 1990s 4 . In 2003 around 346,700 Australians had had a stroke at some time in their lives. During this period 282,600 with stroke had a disability and in over 50%, the disability was a direct event from stroke 5 . 1.8% of total health system expenditure (AUD $ 896 million) was allocated to cerebrovascular disease, where aged care homes accounted for half of the funds and 40% for inpatient care. In Australia as in most other countries funding for stroke rehabilitation including other fields of inpatient care, is based on 'case mix' -referring to the number and types of patients or diseases being treated by a health care provider. This system has undergone several revisions as funding on an existing budget, carried over from one year to the next with slight adjustment for productivity and cost increases has little incentive to increase productivity. In the early 1990s, a Functional Independence Measure (FIM) of the functionally related groups was initiated in the USA to facilitate service productivity by implementing newer more effective treatment 6 . There is little consistency across Australia in their use of utility assessment scores. A recent study showed over 300 assessment tools were in use across Australia 7 . Among several others, FIM score showed high consistency. We have used FIM scores in our study as it was the most consistent scoring system which was readily accessible that had demonstrated adequate levels of inter-rater and intra-rater reliability and has been validated as a reliable outcome measure of stroke recovery.
Clinical characteristics and outcome determinants of stroke rehabilitation
Outcome prediction including length of stay following stroke are usually carried out during multidisciplinary meetings based on individual therapist experience and their interaction with patients. While this being an important matter to both the patient/family and staff/institution alike, prediction outcome based on experience alone has poor consistency and reliability. This study undertook the task of developing early stroke rehabilitation prediction criteria.
Methodology
A retrospective study of 482 stroke patients admitted to a rehabilitation centre from July 07 to July 12 was done. Selection criteria included ischemic or hemorrhagic stroke with completed admission notes. Sixty-eight variables including patients' demography, clinical details, individual FIM components (admission and discharge) were analysed using JMP 10 (SAS group) statistical software. Partition modeling was used to identify variables with highest likely hood. Student t-test was carried out to assess the level of significance between total admission FIM and discharge destinations.
Results
Of 482 stroke rehabilitation patients 426 patients met inclusion criteria (mean age 70.67 SD = 13.31, SEM 0.645; male 58%, n=245). Mean length of rehabilitation was 48.36 d. Majority (98%, n=419) of patients were from home prior to stroke and 80% (n=333) returned home. For those who returned home the mean length of rehabilitation was 45.22 d where 66% (n=221) were discharged within 50 days (Table  1) . Student t test for total admission functional independence measure score (FIMS) by discharge destination was performed. A significant difference in the total FIMS was seen for patients who were discharged home compared to those discharged to either high level residential care (HLOC)(p<0.001) or low level residential care (LLOC) (p=0.0497). A significant difference was also found between those who were discharged to LLOC compared to HLOC (p=0.0044). Total FIMS of 77 or more, carer support, and age less than 77 y were associated with returning home compared to patients with total FIMS 36-77, age <82 y and carer support. HLOC was predictable in those who were >=82 y, length of stay in acute hospital >=14 d, FIMS for upper body dressing of <5.
Discussion
Purpose of this study was to identify key variables related to the patient at the time of admission to stroke rehabilitation ward that could be used to recognize patient's discharge destination. We believe our research outcome will contribute to improving the efficiency of appropriate care as well as developing cost effective schemes that is individualized to the patient. In the following discussion we aim to explore our findings in light of current patient demographics in Australia, quality of similar work by others, and future direction of stroke rehabilitation research.
Department of Health and Ageing of the Australian Government funded the development of clinical guidelines for acute stroke management and stroke rehabilitation and recovery as part of the National Stroke Unit Program. These guidelines are helpful in providing a high standard of evidence-based care across the nation. Whilst there is an abundance of literature supporting dedicated stroke units to provide greater adherence to processes of care and improved mortality as well as greater degree of independence following discharge 8 clinical predictive factors of stroke outcome have been less well studied. Comparison of 33 studies by Jongbloed showed that only three studies had over 400 cases analysed. These were significantly limited in their selection of variables; there were no detail analysis of functional scores. Only two studies reported on patients between 70 -80 y and in all other studies the cohort of patients were below 70 y of age. There were wide variety of attributes used as functional status and for the purpose of comparison, function was defined as the ability to perform activities of daily living 9 . We recognize the hazard of using functional markers only at discharge and total scores, not individual elements of a scoring system. Firstly, the practical validity of this system for therapist is far less, leading to disuse of such markers at the time of admission for rehabilitation. Secondly, statistical tests of significance and regression modeling are likely to provide inaccurate inferences as noted by Jongboloed in his review 9 .
There has been a notable improvement in identification and modification of cardiovascular risk factors over the past decades. Better health care, public awareness, and improved socio-economic status among others have continued to increase life expectancy globally. We believe these changes have led to the observation of increase in number of stroke in the elderly (60 y and above) and the very elderly (over 80 y) with diminishing incidence of stroke in the younger population. Mean age of 70.7 y as noted in our cohort of patients was uncommon in studies that were highlighted earlier in our discussion. Presence of chronic diseases has relevance towards morbidity and mortality and they are cumulative with age, thereby further differentiating our cohort from studies of younger patients.
Most of the recovery following stroke is noted over the first month and this is particularly seen in improvement of motor function 10 . We have recognized several other prognostic indicators for discharge destination that could be identified at the time of admission to stroke rehabilitation. These include total admission FIM score, FIM for upper limb dressing, length of stay in the acute care hospital prior to admission to stroke rehabilitation, age, and carer support.
Recovery of motor function parallels independence of daily living 11 . There are 13 variables routinely assessed in motor system of FIM ( Table 2 ). All of which are given a score out of 7 (Table 3) . Total FIM also include scores for communication and social cognition. It is conceivable that a positive correlation is notable in relation to higher total FIM vs returning home. To our knowledge our study is the only one that had analysed individual variables of admission motor FIM in relation to outcome performance. Of particular interest is our finding of FIM of the upper body dressing less than 5 being associated to poor functional outcome resulting in discharge to high level of care nursing home. There has been others who have demonstrated the importance of motor function over cognition in relation to functional independence 11 but the importance of upper body dressing over other motor aspects warrants further analysis to clarify the role of upper limb rehabilitation. Patient recruitment to rehabilitation programs across Australia is heterogeneous in nature. Our policy required patient selection by a Geriatrician at the acute care hospital. Delay in recruitment often is a result of patient requiring medical management of active medical conditions such as febrile illness, marked biochemical abnormalities or other acute medical conditions. This reflects our finding of length of stay at the acute care hospital 14 d or over as a poor prognostic indicator. Therefor, extrapolation of length of stay at the acute care hospital should be carried out with caution. The impact of advancing age as a poor prognostic indicator is seen across all aspects of medical outcomes. Reduced regenerative capacity and cumulative effects of chronic diseases including degenerative disorders in advancing age are some of possible causes influencing poor prognosis in our cohort of ageing patients and is also noted in literature 9 . Presence of carer support has repeatedly shown in literature to be a determinant of discharge destination and is the most consistent variable analysed between studies. We believe further studies taking comorbidities into consideration would improve the predictive value of variables analysed. We plan to use our predictive variables in a prospective study to assess their sensitivity and specificity with a view to developing a scoring system. Modified independence (patient requires use of a device, but no physical assistance) 6
Supervision or setup 5
Minimal contact assistance (patient can perform 75% or more task) 4
Moderate assistance (patient can perform 50% to 74% of task) 3
Maximum assistance (patient can perform 25% to 49% of task) 2
Total assistance (patient can perform less than 25% of the task or requires more than one person to assist) 1
Activity does not occur 0
Conclusion
Use of total FIM score together with other predictors prior to enrolling in inpatient stroke rehabilitation would improve planning of rehabilitation programs, predicting outcome, efficiency of rehabilitation programs and patient outcomes.
